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Abstract 
Cocoa (Theobroma cacao L.) is a strategic product for Côte d’Ivoire. This country is the world leader producer with aver 40 % of world 
volume production. This production is obtained on 6 % of the country’s area by the work of 5 million farmers and the members of their 
family. Cocoa contributes to 30 % of export earnings and 15 % of the Gross Domestic Product (GDP). These economic parameters show 
the importance of cocoa for Côte d’Ivoire. Despite some remarkable performance, in cocoa growing systems, there are many constraints 
for cocoa productivity and sustainability.  Particularly, in acid strongly P-sorbing soils of Côte d’Ivoire, P is among the nutrients that most 
limits cocoa production. For the success of cocoa planting, application of P to soils is one solution to ensure cacao growth and 
productivity. However, the current recommendations of fertilization based on the use of the fertilizer 0 N. 23 P2O5.19 K2O + 10 CaO + 
5MgO   is not adapted in a context of deteriorating soil fertility. Improving the productivity of cocoa in Côte d'Ivoire therefore requires to 
update the fertilizer recommendations. In this context, the National Agronomic Research Center (CNRA, Côte d'Ivoire) conducts 
research-development in collaboration with the company Mars Inc. and Office Chérifien of Phosphates (OCP, Morocco), in order to test 
and validate a new fertilizer called Teractiv Cacao (0 % N . 15 % P2O5. 14 %  K2O  + 28 % CaO + 5,5 % S + 2,5 % MgO + 0,9 % Zn + 
0,24 % B2O3). This new fertilizer includes natural tender phosphate (Reactive Phosphate Rock, RPR) in its composition, which makes it 
reduces the cost of purchase for cocoa producers and optimizes phosphate fertility of soils in cocoa growing systems. In its 
implementation, the research-development project adopted a participatory approach. Trials are conducted in three main cocoa regions in 
Côte d'Ivoire, including CNRA research stations Divo (Central - West) and Abengourou (East), as well as cocoa farmers areas in Soubré 
(South West). Ultimately, this project will contribute to the updating of fertilizer forms and doses in order to improve cocoa productivity 
in Côte d’Ivoire. 
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1. Introduction 
Côte d'Ivoire is the world's largest producer of cocoa with an estimated annual production of more than 1.3 million tones, 
which represents 40% of world supply. However, the system of cocoa is extensive >1, 2, 3, 4@. More than 2,176,000 ha of 
agricultural area are devoted to cocoa >4@. In this system, about one million producers use non selected plant material, 
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described and agricultural techniques are inefficient. Therefore, the orchard is very low productive. Average yields are 
between 260 and 600 kg.ha-1 >3, 4, 5@. 
Today, the context of cocoa in Côte d'Ivoire is facing the loss of forest, traditionally used by producers as the best 
previous crop >6@. Plantations are mostly in a senescence phase after decades of exploitation (>5, 7@. Face degradation 
plantations, farmers began to plant cacao on previous non-forest (old cocoa plantations or coffee, natural fallow), but they 
face considerable difficulties. Very often, these constraints lead failures replanting >8@. 
 
A major constraint for the cocoa replanting is soil fertility declining >9@. In these soils, there is a decline in the level of 
key nutrients such as N, P, Ca, Mg, Fe and Zn after a long land use >10@. This came mainly due to the non-existence or 
inadequacy of the application of fertilizers and nutrient losses by erosion and leaching >10@. Soils also become more acidic, 
which causes interference to the availability and the uptake of P by cocoa >11, 12, 13, 14@.The low availability of P in soils 
under cocoa is due to low levels of P naturally observed in soils, but also is due to the lack of application of phosphate 
fertilizers >13, 15@. 
 
The practice of liming in order to raise the soil pH and precipitate exchangeable aluminum has been reported as an 
effective solution to reduce the effect of aluminum toxicity on P availability in acid soils >16@. But this practice requires 
large amounts (2 to 10 t.ha-1) of CaCO3, which is not always accessible to small producers. However, in these soils, the 
problem of adsorption of P and the ineffectiveness of phosphate fertilizers has been demonstrated. In fact, 85-90% of 
inorganic phosphates fertilizers are applied in acid soils become unavailable to the plants during the year due to the 
adsorption and precipitation of P with Fe, Al and Ca in the soil >17@. Whereas the use of fertilizers is essential to intensify 
cocoa production, it is necessary to find alternatives that allow efficiency in the use of phosphate fertilizers. 
 
In Côte d'Ivoire, agricultural research has set a goal of improving cocoa production system in developing techniques 
cocoa both sustainable and adapted to the context of production >18,19@. The importance of fertilization in cacao cultivation 
is undeniable, and many studies have been conducted to establish fertilization techniques that allow improved planting 
material to express its full production potential (2-3 t.ha-1) >20@. However, studies have shown that low fertilizer 
recommendations are adopted by producers >21, 4@. Several reasons for this low level of adoption of fertilizer producers: 
insufficient knowledge or a lack of dissemination of fertilizer formulas developed, inefficient old formulas of fertilizers and 
excessive cost of fertilizer. 
 
However, improving the productivity of cocoa in Côte d'Ivoire requires updating fertilizer recommendations. In this 
context, the National Agronomic Research Center (CNRA, Côte d'Ivoire) is conducting an initiative on research and 
development in collaboration with the company Mars Inc. and the Office Chérifien des Phosphates (OCP, Morocco), to test 
and validate a new fertilizer called Teractiv Cocoa (N 0 %. 15 % P2O5. K2O 14 % + 28 % CaO + MgO + 5.5 % + 2.5 % S 
0.9 % Zn + 0.24 % B2O3). Fertilizer includes natural tender phosphate (Reactive Phosphate Rock, RPR) in its composition, 
which makes it reduces the cost of purchase for cocoa producers and optimizes phosphate fertility of soils in cocoa growing 
systems. 
 
This paper aims to summarize the Ivorian experience of cocoa fertilization. Three points are presented: The first provides 
a brief summary of the environmental requirements of cocoa and the role of fertilizer in cocoa production. The second point 
is devoted to the main scientific and technical achievements of the mineral fertilization of cocoa in Côte d'Ivoire. This point 
also raises the question of updating old fertilizer formulas. Finally, the third part of this paper presents one participatory 
strategy to update cocoa fertilizer formulas through the project Teractiv cocoa. 
2. Environmental requirements of cocoa and importance of fertilization 
Cocoa is a plant of humid tropics. Culture is particularly adapted to latitudes near the equator, 10 ° N to 10 ° S, and an 
annual rainfall of 1 500 to 2 000 mm, with less than three consecutive months with rainfall amounts of less than 100 mm. 
Cocoa supports average maximum temperatures between 30 ° C and 32 ° C and average minimum of 18 ° C to 21 ° C, with 
an absolute minimum of 10 ° C. The cocoa should be avoided in very windy areas, where cacao can suffer heavy defoliation 
in the absence of windbreaks >22@. 
 
Cocoa has very pronounced soil requirements >1, 9@. Indeed, it requires deep soil (minimum 1.5 m), well-drained, 
preferably sandy loam. The pH close to neutral (between 6 and 7.5), a topsoil rich in organic matter (30 g kg -1 minimum) 
and very rich in minerals are most favorable to cocoa. In Ivory Coast, the soils of the West and Southwest, which does not 
meet all these criteria, are sometimes the cause of the premature degradation of the orchard >9@. 
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In addition, many other factors such as the type of plant material, repeated droughts or floods, insect attacks and cankers 
on trunks, cause exhaustion or death of productive cocoa. Finally, the sustainable production of cocoa for 25 to 30 years 
largely depends on soil fertility, hence the importance of mineral fertilization >23@. This follows three principles 
fertilization: Fertilization must first correct the deficits and imbalances in soil nutrients to allow optimum growth of cocoa, 
even on poor soils. Second, the role of fertilization increased nutrient levels to obtain high yields (more than 2 t.ha-1). 
Finally, fertilization must be maintained to replace the nutrients exported by crops >1, 23@. 
 
3. Mineral fertilization cocoa: from the past to the present stage 
3.1. Cocoa fertilization by “Diagnosis soil” 
Mineral fertilization cocoa was first studied with the aim of reasoning fertilizer applications based on soil analyzes. Such 
applications should help restore some chemical equilibrium in soil to ensure a good cocoa production >24, 25, 26@. The dose 
calculation and determination of the fertilizer formulas are performed using computer software referred to as "soil 
Diagnosis", whereby, from a database of soil analysis, calculate chemical equilibrium following: 
 
- Content of phosphorus (Olsen-Dabin method) equal to or greater than 60 cmol.kg-1 P2O5;  
- Total nitrogen balance - total phosphorus (N/P) of less than 2; 
- A balance established between the exchangeable bases (BE) and total nitrogen (N), according to the formula [BE + 6.15] / 
N = 8.9; 
- Balancing cations, expressed in percentage of the sum, almost 8% of K, 68% Ca and 24% Mg; 
- A degree of base saturation of 60% minimum. 
 
Fertilization trials from the "diagnostic soil" have been installed in different cocoa growing regions, in CNRA research 
stations, including Divo (Central West), Abengourou (East), Zagne (West) and Soubré (Southwest). Test plots were divided 
into two blocks: control and the other receiving fertilizer formulas and fertilizer doses calculated after "diagnosis soil." 
3.2. Cocoa Fertilization by simplified formula  
In 1985, looking for a simplified formula has been testing the research station, in collaboration with firms producing and 
marketing of fertilizers. The aim was to provide a formula of fertilizer to producers with agricultural efficiency is identical 
to that obtained with the method "Diagnosis Soil." After experimentations on research stations, gains cocoa production by at 
least 40% were obtained with a wide range of fertilizer formulas tested. Research has validated and recommended a 
simplified formula fertilizer called "cocoa fertilizer"  0 N. 23 P2O5.19 K2O + 10 CaO + 5MgO. 
4. Updating fertilizer formulas: Innovation with Teractiv 
However, due to the acidification of soils in cocoa growing systems (pH between 4.5 and 5.5), the development of 
efficient fertilization involves the search for new sources of P for acid soils. Indeed, sorption-desorption experiments 
conducted recently in Côte d'Ivoire showed that there is a variability in the intensity of sorption, depending on fertilization 
practices >27, 28, 29, 30@. Despite application of phosphate fertilizer in the form of triple super phosphate (P2O5 form as 
TSP) phosphate nutrition in cocoa growing systems is significantly limited by the high sorption capacity of P in soils (Fig 
1).These studies showed that the sorption phase, characteristic of a solid phase with two types of reaction sites involving 
phosphate ions : a stability phase of the sorption curve for P inputs below 40 mg.kg-1 of P and a growth phase of the sorption 
above 40 mg.kg-1 of P inputs >27, 28, 29, 30@. According to some authors >27, 28, 29, 30@, soils Ferralsol (FAO soils 
classification) under cocoa have levels of exchangeable aluminum Al3+ beyond 1cmol+ kg-1 soil. They are not saturated 
after clearing and moderately saturated in cultivated soils >28, 29@. This strong presence of aluminum in solution and on the 
adsorbent complex is the origin of the high acidity of the soil and their high adsorption capacity of phosphate ions. These 
soils high variable load are among the most filled in total P (average grades of 300 to 1200 mg.kg-1 of P in soil), but also the 
poorest among the available P >30@. Increasing the concentration of phosphate ions in the solution of P inputs is not 
economically feasible because of the strong P sorption capacity in soils under cocoa >28, 29, 30@. To increase the 
bioavailability of P in these soils, reasoned farming practices should aim to reduce the holding capacity of P in the soils. 
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 i Control; ■ Compost; Ӿ Compost + 70 kg.ha-1 P2O5; ● Compost + 184 kg.ha-1 P2O5;   
                               ×  Compost +92 kg.ha-1 P2O5; Ʒ Compost + 184 kg.ha-1 P2O5. 
 
Fig. 1. P sorption capacity in cocoa growing soils according to the integrated fertilization practices in Cote d’Ivoire >30@. 
 
In this context, the fertilizer formula Teractiv cocoa 0N -15 P2O5 -14 K2O + 28 CaO + 5.5 S + 2.5 MgO + 0.9 Zn + 0.24 
B2O3 was developed. This fertilizer provides some innovations: 
 
- The raw phosphate is provided by a Reactive Phosphate Rock (RPR). This RPR is less costly and provides three times 
more Ca for two P2O5. In the old cocoa fertilizer formula 0 N. 23 P2O5.19 K2O + 10 CaO + 5MgO   , phosphorus is supplied 
in the form of triple superphosphate (TSP). The TSP more expensive provides for one Ca for two P2O5; 
- Teractiv cocoa fertilizer improves phosphorus availability through the action of complexing calcium (provided in the form 
of calcium sulphate) against the aluminum and iron, thus releasing the binding sites of soluble phosphorus in soils; 
- Fertilizer Teractiv cocoa enriched zinc and boron; these trace elements are necessary for strengthening the metabolism and 
the cacao fruiting. 
 
These innovations could lead to improved mineral nutrition and productivity of cocoa. It is therefore necessary that research 
evaluates the effect of cocoa Teractiv from demonstration plots on research stations and in farmers. 
 
It is in this context that the fertilizer Teractiv cocoa was proposed by OCP to study its effectiveness. This study, which 
began in 2012, will be conducted in three main cocoa growing regions of Côte d'Ivoire, including Divo (Central - West) and 
Abengourou (East), where the test will be conducted on research stations of the CNRA, and in the region of Soubré 
(Southwest) where the test will be implemented from producers through a participatory approach (Fig. 2). The project 
Teractiv cocoa will last 3 years and will aim to assess the effectiveness of the fertilizer Teractiv on cocoa productivity and 
improving soil fertility. Strategy implementation of the project Teractiv is participatory. At Soubré, cocoa farmers will be 
closely involved in the conduct of experiments so that they take ownership directly results to be obtained. This project will  
update the formulas and doses of fertilizer in cocoa production. Thus, the effect of fertilizers Teractiv  on the cocoa yield 
will be known, the chemical fertility of soils under cocoa after fertilizer application Teractiv cocoa will be evaluated and the 
economic profitability of fertilizer application will Teractiv cocoa determined. 
 
Conclusion 
 
The continued leadership of the Côte d’Ivoire in cocoa production concerns all national actors in the cocoa. The aging of 
the orchard, the decline in soil fertility and the emergence of new diseases are the constraints for a drop in productivity. 
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Today, producers are convinced of the importance of fertilizers to improve their production. This suggests an increase in the 
rate of fertilizer utilization in cocoa systems. A main challenge is therefore to improve the productivity of orchards mineral 
fertilization. To achieve this goal, the agricultural research actors are mobilizing. 
 
The National Agronomic Research Center (CNRA, Côte d'Ivoire) conducts research-development in collaboration with 
the company Mars Inc. and Office Chérifien of Phosphates (OCP, Morocco), in order to test and validate a new fertilizer 
called Teractiv Cacao (0 % N . 15 % P2O5. 14 %  K2O  + 28 % CaO + 5,5 % S + 2,5 % MgO + 0,9 % Zn + 0,24 % B2O3). 
This new fertilizer includes natural tender phosphate (Reactive Phosphate Rock, RPR) in its composition, which makes it 
reduces the cost of purchase for cocoa producers and optimizes phosphate fertility of soils in cocoa growing systems. In its 
implementation, the research-development project adopted a participatory approach. Trials are conducted in three main 
cocoa regions in Côte d'Ivoire, including CNRA research stations Divo (Central - West) and Abengourou (East), as well as 
cocoa farmers areas in Soubré (South West). Ultimately, this project will contribute to the updating of fertilizer forms and 
doses in order to improve cocoa productivity in Côte d’Ivoire. 
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